one of the urgent problems in genetic engineering. When the recombinant protein has several disulfide bonds, it is necessary to form native-paired disulfides to obtain the biologically active form.1* We have reported that thioldisulfide interchange proteins, protein disulfide-isomerase or thioredoxin, have positive effects on the refolding promotion of the recombinant protein. 2'3) In this paper, we examined the synergistic effects of purothionin on the thioredoxin-catalyzed refolding of recombinant human pro-urokinase.
Purothionin, which is a basic protein containing four disulfide bridges,4) occurs in the seed endosperm of cereals such as wheat, barley, and rye.5'6) This protein is suggested to interact with thioredoxin in cereals and to have the possibility of acting as a secondary thiol messenger in the redox regulation of enzymes.7'8) On the combined action of wheat purothionin and bacterial thioredoxin, there are a few reports, such as the activation of chloroplast fructose-1 ,6-bisphosphatase by the reduction of the active site disulfide.8)
In this paper, we report for the first time that these two proteins act synergistically on the refolding of recombinant protein.
Purothionin
(from wheat) and thioredoxin (from Escherichia coli) were obtained from Takara Shuzo Co.,
Ltd. The insoluble pellet of sonicated bacteria expressed recombinant pro-urokinase was a gift from Tosoh Co., Ltd. Construction of an expression plasmid of human prourokinase,9) its refolding conditions,2'3* and assay of urokinase activity10* are described in each reference. Our previous report showedthat the effects of thioredoxin on the refolding of the reduced form of pro-urokinase were larger than that on the refolding of pro-urokinase without reduction.3* So, we examined the effects of purothionin on the pro-urokinase refolding using its reduced 3303 form. Additional effects of purothionin on the refolding system of reduced pro-urokinase containing thioredoxin were compared in the presence or absence of the proper glutathione redox state as mentioned in Table I . Purothionin was less effective than thioredoxin on the reduced pro-urokinase refolding whether the glutathione redox was adjusted or not. But a larger effect was observed when both purothionin and thioredoxin were added to the refolding system and was compared with each system alone. This effect was particularly large in the system without glutathione. This result shows that the proper redox state of glutathione is not necessary to refold reduced pro-urokinase to the native form. Synergistic effects of purothionin and thioredoxin were investigated with the refolding system of reduced prourokinase without glutathione (Fig. 1) . Whenpurothionin was added to the refolding system containing the definite concentration of thioredoxin, the promoting effect on the refolding was saturated with about 50jum purothionin ( Fig. 1(A) ). On the other hand, the additional effect of purothionin was raised according to the thioredoxin concentration, when 50jum purothionin was added to the thioredoxin-refolding system ( Fig. 1(B) ). This effect wasapproximately saturated with the addition of both 50fiM purothionin and 100/hm thioredoxin. In this case, most of the pro-urokinase contained in this system would be refolded to its native form. We reported here, for the first time, the combined action of these two proteins on the recombinant protein refolding. Thioredoxin has been reported to catalyze the thioldisulfide exchange reaction,1 1) but there has been no such a Table I . Synergistic Effects of Purothionin and thioredoxin on the refolding of Reduced Pro-urokinase Additional effects of purothionin and thioredoxin were examined in the presence or absence of glutathione. The final concentration of additional agents was 50[M thioredoxin, 50/^m purothionin, and both l mMof the reduced form and 0.1 mMof the oxidized form of glutathione. The refolding was started by adding reduced pro-urokinase and was done at 25°C. After three hours, a portion was taken out and the urokinase activity was measured. The percentage of each sample was calculated from the ratio to the regained urokinase activity of the system containing only glutathione. report about purothionin. As purothionin has four disulfide bridges, they might be concerned with the refolding promotion. Purothionin, like glutathione, would adjust the redox state by interacting with thioredoxin.
